Abstract. Many studies show agreement within and between populations and cultures for general judgments of facial attractiveness. Studies that have examined the attractiveness of specific traits have also highlighted cross-cultural differences for factors such as symmetry, averageness, and masculinity. One trait that should be preferred across cultures is heterozygosity. Indeed, several studies suggest that mixed ethnicity, in terms of appearing to possess a mixture of traits from different human population groups, may be found attractive, which could reflect preferences for heterozygosity. We examined preferences for manipulated face shape associated with different populations in both Europeans (Britain) and Africans (Guinea-Bissau). We found that mixed-ethnicity face shapes were more attractive than enhanced single-ethnicity face shape across both populations. These results are consistent with evolutionary theories suggesting individuals should prefer heterozygosity in partners because facial cues to mixed-ethnicity are likely to indicate diverse genes compared to cues that indicate a face belongs to a single particular culture or population.
Introduction
An evolutionary view of human facial attractiveness posits that certain traits are indicators of mate value, the degree to which individuals could enhance the fitness of their partners. These traits may indicate good health, fecundity, physical, or behavioural dominance, and even pro-social traits or investment (Little et al 2011) . It might then be expected that if some cues are reliably associated with mate value that there would be universal agreement on which faces are attractive and unattractive and, indeed, across many studies considerable agreement is found within a culture as well as across different populations and cultures (see Langlois et al 2000 , for a meta-analytic review). For example, Asian and Hispanic students in the USA agree with White Americans on the rated attractiveness of Asian, Hispanic, Black, and White women, and these ratings also positively correlate with ratings made by Taiwanese participants of the same faces (eg Cunningham et al 1995) . Such studies have generally only examined agreement on global attractiveness (ie is one face more attractive than another face) and such studies have usually examined urban university-based populations. Of course, a truly adaptive view of mate choice posits different preferences according to condition or context, which leads to individual differences and there is ample evidence for such variation within particular populations and cultures. Recent studies examining preferences for specific traits, such as masculinity and symmetry, have demonstrated some similarities alongside population and cultural differences in preferences DeBruine et al 2010; Little et al 2007; Penton-Voak et al 2004) .
Preferences for genetic diversity in a partner are an interesting case in mate choice. Because each individual has a unique set of genes, individuals will have different genes in common with others and so preferences may depend on individual variation. This then can lead to individual differences in preferences, but also to population level preferences for cues to genetic diversity. There are two main factors related to preferences for cues to genetic diversity: genetic similarity between individuals and heterozygosity/homozygosity. Selecting mates who are more genetically dissimilar to oneself should lead to offspring which are genetically diverse and be more likely to be heterozygous as genes are randomly mixed. Selecting heterozygous partners, individuals who have two different alleles of a gene, also increase the chances that offspring will be heterozygous rather than homozygous. Preferences based on genetic similarity and heterozygosity are related to issues of inbreeding and outbreeding with the prediction that genetic diversity should be preferred in mates because of potential health benefits to resulting offspring (Brown 1997) .
In many non-human animals heterozygotes have advantages in terms of producing more offspring and having higher fertility (Charpentier et al 2005; Gomendio et al 2000) , and homozygosity is related to inbreeding and its negative consequences (Bittles and Neel 1994) . For example, in mandrills, male reproductive success increases with heterozygosity and diversity of the major histocompatibility complex (Setchell et al 2010) . When examining genetic similarity between mothers and sires in mandrills, a given male is more likely to have sired the offspring if their similarity with the mother was lower (Setchell et al 2010) . Similar behavioural adaptations suggesting preferences for heterozygosity and outbreeding are seen in other species. In bird species, for example, it has been found that females who are more genetically similar to their partners tend to have more extra-pair offspring (Tarvin et al 2005) , and that offspring sired by extra-pair mates are more heterozygous because of lower genetic similarity between females and their extra-pair mates (Suter et al 2007) . Heterozygous extrapair offspring were also found to be heavier and larger and have higher fledgling survival compared with within-pair offspring (Suter et al 2007) . Outbreeding can also have negative consequences, however, such as causing the disruption of locally selected gene complexes (Marshall and Spalton 2000) . Indeed, there may be an optimal level of outbreeding/inbreeding which balances the advantages/disadvantages of each (Bateson 1980) . In humans, negative outcomes of having offspring with closely related individuals include higher neonatal and infant mortality and higher incidences of single-gene disorders (Bittles and Neel 1994) . Humans do show preferences for the faces of men who are heterozygous at the major histocompatibilty complex (MHC), genes involved in coding for immune function, rating them as more attractive than homozygous men (Roberts et al 2005) . Within relationships, women who share a greater proportion of MHC alleles report more extra-pair sexual partners and are more attracted to men other than their primary partners at peak fertility than women who share fewer alleles, suggesting a preference in favour of outbreeding (Garver-Apgar et al 2006) . Finally, it appears that humans may have evolved other adaptations designed to prevent inbreeding, such as the Westermarck effect, by which individuals avoid mating with individuals they have shared their childhood with (Westermarck 1894; Wolf 1993).
One arena in which inbreeding/outbreeding might be observed is in preferences for individuals of the same versus different populations. Individuals from other populations are more likely to possess different genes than those from the same population, although genetic differences may be relatively small (Jorde and Wooding 2004) . There is limited work in this area; however, two studies have addressed preferences for individuals from the same or different populations, with a focus on whether individuals of mixed race are particularly attractive (Lewis 2010; Rhodes et al 2005) . These studies use the term "race" to refer to the physical differences in facial appearance visible between human populations and cultures, and to classify individuals as belonging to different populations and cultures. We adopt the term "ethnicity" to denote both visible phenotypic appearance and distinguish our two populations here because use of the term race is controversial (Jorde and Wooding 2004) . We also note that "ethnicity" is often used to refer to shared cultural values rather than phenotypic appearance or to distinguish between populations and that our use of the term is broad, encompassing countries in which there are multiple ethnic groups. Both Rhodes et al (2005) and Lewis (2010) found that images of individuals identified as mixed ethnicity were rated as more attractive than those of individuals who were predominantly identified as belonging to one ethnic grouping. Rhodes et al (2005) examined individuals with Asian, European, and mixed Asian-European backgrounds, though the sample size was small, while Lewis (2010) examined male and female individuals with African, Caucasian, and mixed African-Caucasian backgrounds, and with a large sample size. Mixed-ethnicity faces then appear attractive across studies, across sex of face, and across different mixtures of populations.
Both of the above studies postulate that preferences for mixed-ethnicity faces might represent attraction to heterozygosity, and Lewis (2010) particularly draws attention to heterosis, or hybrid vigour. Heterosis refers to the phenomenon whereby cross-breeding leads to organisms that appear to be particularly hardy, healthy, or successful (Duvick 2001; Lippman and Zamir 2007) . For example, in non-human animals, cross-bred dairy cows gain weight faster and produce more milk (Cundiff et al 1974) and cross-bred dogs are more successful in guide dog training (Ennik et al 2006) . In humans, heterosis has been suggested to be linked to factors such as early growth (Penrose 1955; Wolanski et al 1970) and some authors have suggested that increase in IQ may be linked to heterosis (Mingroni 2007) . Such arguments might suggest that mixed-ethnicity faces may be attractive because such individuals have different appearing faces (eg healthier, more symmetric, etc) because individuals with a diverse set of genes are able to develop or maintain attractive traits. In this line of thinking, mixed ethnicity itself may not be what is preferred, but rather the preference is for other traits that are associated with heterozygosity resulting from mixed ethnicity. Previous studies showing preferences for the faces of mixed-ethnicity individuals may reflect preferences for the outcome of heterozygosity (through heterosis), but might also reflect preferences for phenotypic/morphological cues to heterozygosity itself. In other words, there remains a question of whether preferences for mixed-ethnicity faces reflect pressures to simply select attractive mates, which may be influenced by heterozygosity, or whether cues to heterozygosity are themselves attractive. Rhodes et al (2005) also demonstrated that artificially manipulated faces that possessed mixed-ethnicity shape and colour were more attractive than faces belonging to a single ethnicity by presenting computer images varying along a continuum between European and Asian. This suggests mixed-ethnicity faces are preferred when controlling for any direct increase in attractiveness due to genetic diversity. Preferences for averageness have also been thought to reflect preferences for genetic diversity (Thornhill and Gangestad 1993) and individuals who are heterozygous at the MHC also have more average-appearing faces (Lie et al 2008) . Mixed-ethnicity preferences may then also reflect preferences for averageappearing faces (Langlois and Roggman 1990) , though this would likely be dependent on exposure to faces of different ethnicities .
In the current study, we further examined the idea of visual preferences for faces across different populations and cultures. Previous work focusing on unmanipulated single-ethnicity versus mixed-ethnicity faces cannot distinguish between preferences for the outcome of heterozygosity (eg heterozygosity leading to increased observable phenotypic health) or direct preferences for heterozygosity/averageness (eg perceivers use mixed-ethnicity appearance as a cue to heterozygosity). Work using facial manipulations can directly examine effects that are to do with perception as they are control for the effects of heterozygosity itself on facial appearance. One previous study using manipulations has examined individuals of Asian versus European decent demonstrating mixed-ethnicity preferences (Rhodes et al 2005) .
It is important to examine other cross-cultural comparisons to determine whether such effects are specific to certain faces and are more widely applicable. Here we examined individuals of African versus European decent as a visually distinct comparison from Asian versus European decent. Here we also focus on shape-only rather than shape and colour differences between faces. While colour may be a useful cue to mixed-ethnicity status, it is also variable according to tanning practices and sunlight exposure. This is an issue for previous research, as mixing Asian and European faces will lighten Asian faces and darken European faces. If populations and cultures differ in how much they value skin lightness, then this could generate preferences for mixed-ethnicity faces if, for example, European observers value darker skin while Asian observers value lighter skin. Indeed, skin bleaching is common in some African countries and motivations include appearing more European looking (Lewis et al 2011) .
We presented European participants from Britain and African participants from GuineaBissau with manipulated face pairs. Participants were presented with pairs of same-ethnicity images that were transformed on the basis of the shape difference between European and African faces. Images represented pairs in which one image possessed enhanced typical European facial shape and one image possessed enhanced typical African facial shape. For Europeans, for example, looking at European faces, selecting the plus-European face as more attractive would represent a preference for European faces with enhanced typical European features (an own-ethnicity typicality preference), whereas selecting the plusAfrican face as more attractive would represent a preference for European faces with less typical European features (a mixed-ethnicity preference).
Methods

Participants
174 European participants reporting to be white and from the UK (88 males, 86 females, aged 16-60 years, mean age = 28.9 years, SD = 10.8 years) and 111 African participants from the Guinea-Bissau (57 males, 54 females, aged 16-60 years, mean age = 31.3 years, SD = 10.5 years) took part in the study. European participants were selected for reporting to be heterosexual. Sexual orientation questions were omitted for the Guinea-Bissau participants because this was deemed to be sensitive and not culturally appropriate. All participants were volunteers. The study was conducted in line with the Declaration of Helsinki and the British Psychological Association's ethical guidelines.
The Republic of Guinea-Bissau lies on Africa's north-western coast and covers an area of 13 948 km 2 . Data were collected in Cantanhez National Park (Hockings and Sousa 2011) , located in the south-western part of Guinea-Bissau, in the Tombali Administrative Region (see map, figure A1, in the appendix): northeast limit: 11°22′58″N, 14°46′12″W; southwest limit: 11°2′18″N, 15°15′58″W). Within the borders of the 1057 km 2 Cantanhez National Park there are 110 villages (locally known as 'tabancas'), and a recent population census estimates that 22 505 people live there with a population density of approximately 20 people per km 2 . There are numerous ethnic groups in Guinea-Bissau including Balanta (30%), Fula (20%), Manjaco (14%), Mandinga (13%), Papel (7%) (Central Intelligence Agency 2012). A map of the region can be seen in the Electronic Appendix. Guinea-Bissau has a high population growth rate (1.97%), around 70% of the population lives in rural areas with the majority of livelihoods being agricultural, and, in terms of literacy, 42.4% of the population at age 15 plus can read and write (Central Intelligence Agency 2012).
Stimuli
Original photographs were from larger sets of images taken under standardised lighting in the UK (60 male and 60 female) and unstandardised lighting in Guinea-Bissau (64 male and 55 female). All participants were instructed to look directly at the camera with a neutral expression and were all of young adult appearance. Six composite male and six composite female face images were created for each population made from 5 original photographs each from the sets described above (using 30 male and 30 female images from each set). All images were manipulated to match the position of the left and right eyes by standardising inter-pupillary distance and transformed so that the position of the features on either side of the face was symmetrical. Composite images were made to generate the plus-European and plus-African images, and original images were transformed on the basis of the difference between two composite images. We applied a shape-only ± 50% transform using the average European composite and average African composite face of the appropriate sex. This created two images for each starting face, a plus-European face and a plus-African face. Images maintained original textural cues and were symmetric in shape alone (ie faces retained any asymmetries in face colour). See Perrett et al (1998) , Rowland and Perrett (1995) , and Tiddeman et al (2001) for technical details. An example of manipulated faces can be seen in figure 1.
Procedure
All participants were presented with face pairs of the opposite sex. European and GuineaBissau individuals participated in different ways though the instructions and images were equivalent. The Europeans had the faces presented electronically on a computer screen and the test was self-administered. The Guinea-Bissau participants had the test administered to them on photographic quality printed cards (4.6 cm × 5.8 cm) by the second author and a local research assistant/translator (RA). The RA introduced the experimenter to the participants and gave a brief description of what would be asked of them during the experiment. Tests were administered in Creole, a mixture of Portuguese and regional dialects, spoken throughout the country, and, if necessary, the RA translated instructions into the local language. Each ethnic group has its own language, however, and the country's official language is Portuguese (Central Intelligence Agency 2012). Both Europeans and Guinea-Bissau participants had unlimited time to complete their judgments. The face pairs were presented in random order with participants being asked to choose from the pair: "which face is most attractive?". For each trial, presentation of plusEuropean/plus-African on left or right was randomised. Age, sex, and sexual orientation were recorded in a short questionnaire for the European participants and the experimenter noted sex and age for the Guinea-Bissau participants. Randomisation for the Europeans was done using computer-generated random numbers, whereas for the Guinea-Bissau participants this was done via the experimenter shuffling the image pairs and dealing left and right images at random. For the Guinea-Bissau participants, only the experimenter and the participant were present during testing.
Results
We computed preference for plus-European faces as the number of plus-European faces chosen converted to a percentage score (100% = all plus-European faces chosen). This was computed separately for European and African faces.
A repeated-measures ANOVA was conducted with 'face ethnicity' (European/African) as a within participant factor, and 'rater ethnicity' (European/African) and 'rater sex' (male/ female) as between-participant factors. This revealed a significant main effect of face ethnicity (F 1, 281 = 300.55, p < 0.001, µ 2 = 0.517), an overall significant effect of rater ethnicity (F 1, 281 = 39.52, p < 0.001, µ 2 = 0.123), a significant interaction between face ethnicity and rater ethnicity (F 1, 281 = 30.43, p < 0.001, µ 2 = 0.098), and a three-way interaction amongst rater sex, face ethnicity, and rater ethnicity (F 1, 281 = 4.25, p = 0.040, µ 2 = 0.015). No other effects or interactions were significant (all F 1, 281 < 0.68, p > 0.412, µ 2 < 0.002). Adding age as a covariate did not change this pattern of results, although the three-way interaction above became non-significant (F 1, 280 = 3.40, p = 0.066, µ 2 = 0.012). Additionally, there was a significant interaction between age and face ethnicity (F 1, 280 = 4.49, p = 0.035, µ 2 = 0.016). Age was nonsignificantly positively correlated with preferences for plus-European transforms in African faces (r = 0.083, p = 0.164) and negatively correlated with preferences for plus-European transforms in European faces (r = -0.041, p = 0.487). Together this suggests a weak effect, whereby older participants were more likely to prefer faces transformed toward the other ethnicity.
From figure 2 it can be seen that European judges had stronger preferences for plus-African transforms than African judges, reflecting the main effect of rater ethnicity. We conducted separate ANOVAs for each rater ethnicity to examine the interactions. For African raters, this again revealed a significant main effect of face ethnicity (F 1, 109 = 54.56, p < 0.001, µ 2 = 0.334) and a close to significant interaction between face ethnicity and rater sex ( There was no significant interaction between face ethnicity and rater sex (F 1, 172 = 1.15, p = 0.285, µ 2 = 0.007) and no significant effect of rater sex (F 1, 172 = 1.69, p = 0.195, µ 2 = 0.010). The three-way interaction from the first analysis reflects that men in the African sample show a stronger effect in preferring mixed-ethnicity faces than do African women and that this is not true for the European participants.
We additionally conducted separate ANOVAs for ethnicity and sex of rater. For female African (F 1, 53 = 14.57, p < 0.001, µ 2 = 0.216), male African (F 1, 56 = 45.55, p < 0.001, µ 2 = 0.449), female European (F 1, 85 = 169.35, p < 0.001, µ 2 = 0.666), and male European (F 1, 87 = 177.93, p < 0.001, µ 2 = 0.672) there was a significant effect of face ethnicity. Separate one-sample t-tests comparing preferences for plus-European against chance (50%) for each face ethnicity revealed significant preferences for plus-African in the European faces for both European men (t 87 = 16.18, p < 0.001, Cohen's d = 3.47) and women (t 85 = 16.46, p < 0.001, Cohen's d = 3.57) and African men (t 56 = 3.04, p = 0.004, Cohen's d = 0.81) and women (t 53 = 2.14, p = 0.037, Cohen's d = 0.59). These tests also revealed significant preferences for plus-European in the African faces for both the European men To examine generalisation across faces, we split the sample by sex of judge and calculated the mean score given to each face seen (6 African and 6 European). Scores for the European faces were reverse-scored such that higher scores indicated preferences for faces of the other ethnicity (ie high scores indicated preferences for African-like European faces and Europeanlike African faces). One-sample t-tests revealed significant preferences for plus other-ethnicity transforms over same-ethnicity transforms for both women judging male faces (t 11 = 4.54, p = 0.001, Cohen's d = 2.74) and men judging female faces (t 11 = 5.09, p < 0.001, Cohen's d = 3.07).
Discussion
The current study demonstrated similarities in face preferences between African and UK judges for opposite-sex faces. Preferences for plus-European transforms varied according to the starting ethnicity of the faces. Both men and women in both populations preferred plus-European transforms when the images were African and plus-African transforms when the images were European. This suggests that participants were more averse to faces with exaggerated own-face ethnicity traits, and instead preferred what could be described as mixed-ethnicity face shapes. In other words, participants preferred face shapes that were between the two types of face ethnicity presented here. The methods of administration differed between the two groups, with one group taking the test with the experimenter present and the other group taking the test on computer screen. There is, however, no strong reason to believe that participant's choices or motivations would differ with the manner in which the test was carried out.
Our findings are consistent with previous research demonstrating faces of individuals with mixed ethnic backgrounds are rated as more attractive than individuals from single ethnicities (Lewis 2010; Rhodes et al 2005) . However, our studies focus on manipulations of ethnicity rather than real mixed ethnicity, thereby controlling for any potential increase in attractiveness due to genetic diversity put forward to explain preferences for mixed-ethnicity faces (Lewis 2010) . In our images only shape was manipulated in the faces and other factors were held constant. Given cross-cultural differences in skin colour preferences (Lewis et al 2011) , changing both shape and colour is a potential issue for the only other previous study showing preferences for mixed ethnicity in manipulated faces (Rhodes et al 2005) .
We then replicate and extend the findings of Rhodes et al (2005) to another cross cultural comparison controlling for colour. Preferences for mixed ethnicity in individuals who belong to a particular population might reflect preferences for heterozygosity or genetic diversity leading to choice of partners who are healthy and disease resistant and/or avoiding mating with individuals with deleterious mutations. Such a preference may also lead to gaining the advantages of outbreeding (Charpentier et al 2005; Gomendio et al 2000) and avoiding the negative consequences of inbreeding (Bittles and Neel 1994) for offspring.
Our transforms reflect plus-European/African versus mixed ethnicity and so both types of image were equidistant from average faces of the population. In terms of ultimate causation, preferences for averageness (Langlois and Roggman 1990) have also been thought to reflect selection pressures to choose mates who are genetically diverse (Thornhill and Gangestad 1993) . At the proximate level, because individuals who are heterozygous at the MHC also have more average-appearing faces (Lie et al 2008) , selection of average faced partners will lead to selection of heterozygous partners. While our results might reflect choosing faces closest to an overall population average of both face types as most attractive, such an interpretation requires that all faces encountered are used in building a single prototypic representation. Faces of different ethnicities appear, however, to be processed in a categorical fashion (Jaquet et al 2008; Little et al 2008) . For example, it is possible to manipulate the perceived normality of African and European faces to European observers independently, suggesting some level of discrete mental representation (Little et al 2008) . If European and African faces are processed somewhat independently, then comparison to an average is unlikely to account for preferences for plus-European/African transforms in European faces here. Even if the effects here do represent attraction to averageness, rather than mixed ethnicity, the logic of why such preferences could be adaptive remains true, such as preferences for heterozygosity resulting in increased health of partners and/or promoting outbreeding.
In terms of outbreeding, the diverse groups of Europeans and Africans are on a continuum of genetic similarity. There are, of course, many more similarities than differences, but ethnicity here presents a useful vector to define differences, such as they are, present in facial shape as a cue to similarity. It is unlikely that our results are specific to comparing between ethnicities; it appears more likely that the effects seen here may apply generally to gradations of relatedness. In this way mixed-ethnicity preferences may arise from mechanisms linked to choosing amongst differently related individuals within a particular population and not reflect selection based specifically on differences in ethnicity.
There were some specific effects of ethnicity of observer interacting with sex of observer as well as an overall effect of ethnicity. A three-way interaction indicated that men in the African sample demonstrated a stronger effect in preferring mixed-ethnicity faces than do African women while effects were equally strong for men and women in the European participants. Such a specific effect is difficult to interpret. In our study, sex of judge and sex of stimuli are confounded, and so the effect could reflect differences in either male and female stimuli or male and female judges. At the stimuli level, the transforms may not be of equivalent salience for male and female faces. The result could then reflect that the transform was more salient in female faces particularly to African men. At the level of judge, the finding could alternatively reflect different pressures on partner choice in the African sample, such that selection of partners with diverse genes is of greater importance to men than women. Additionally, because in this African population marriage choices of women tend to be made by older men (Frazao-Moreira 2009), the African women may have been less engaged in preference tasks involving men. Interestingly, at least for the African sample, stronger preferences for mixed-ethnicity transforms in female than male stimuli is consistent with previous findings, demonstrating that in real images of mixed-ethnicity versus singleethnicity individuals that a mixed-ethnicity advantage in terms of attractiveness is stronger for female faces than male faces (Lewis 2010) .
There was also a large effect of ethnicity on preference, with European participants most strongly preferring faces of mixed ethnicity, although this appeared mainly for European faces. It is possible that greater visual exposure to a mixture of ethnicities in the European sample could affect their preferences. It is also possible that European participants valued potential genetic diversity associated with mixed ethnic shape more so than the African participants.
In summary, the current study demonstrates preferences for faces falling between human populations differing in phenotypic appearance in both European and African participants. Both samples preferred face images transformed to have traits more typical of the other face type (more European-like African faces and more African-like European faces) than faces that exaggerated same face type traits (more European-like European faces and more African-like African faces). Evolutionary relevant preferences for heterozygosity, or average combinations of genes, may play a role in generating such similarities in preferences between different populations and cultures.
